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STANDARD NOMENCIL4TURE FOR AIRSPEEDS WITH TABLES AND CHARTS FOR USE IN
CALCULATION OF AIRSPEED

By WILLIAX S. Anrm, Jr.

SUMMARY

Symbols and defiriition8of variou8 air8peed term8 that him
been adopted as 8tandardby-the NACA Subcommitteeon Air-
craft Structural De~”gn are presented. The equation8, charts,
and tab[e8requiredin the enrluation of true airspeed, calibmted
air~peecl,eqwioal.entairspeed, impact and dynamic pre8sures,
and Mach and Reynotds number8hare been compiled. Tables
of the 8tandardatmosphere to an altitude of 66,000 jeei and a
tentatire etiension to an altitude of 100,000 feet are giwn along
Withthe basic equation8and constant8on which both the 8tand-
ard atmosphereand the tentatiPeezteneion are ba8ed.

INTRODUCTION

ln tmdysea of aerodynamic data very often wind-tunneI
or flight measurements must be converted into airspeed and
related quantities that me used in engim%rhg caIcuIaticms.
Attempts to accomplish such conversion by use of avaiIabIe
methods have been complicated by the diversity of symboIs
and definitions and by the necessity of referring to equations,
charts, and tables from a number of different sources. A
standard set of symbok and definitions of various airspeed
terms that were adopkd by the NAC?A Subcommittee on
Aircraft Structural Design and a compilation of the necessary
equations, charts, and tables for converting measured pres-
sures and temperatures into airspeeds, dete rmining Mach
numbers and Reynolds numbem, and determining other
quantities such as dynamic and impact pressures that are
of interest are therefore presented herein.

In the preparation of the present paper, results that have
been included in previous papers have been extended to
incIude higher altitudes and quantities not given in the
previous papers, since recent requests have indicated the
need for such an extension of standard-atmosphere tabks.

The tabks and @ures have been arranged for ewe in
determination of the airspeed, which is UWKJIy based on the
interpretation of measurements of ditlerent.ial pressures
obtained with some pitot-static arrangement. The inter:
relation of the various airspeed quantities is independent of
the method used in the measurement. hstrument and
installation errors have been assumed to have been taken
into accmmt.

STANDARD SYMBOLS AND DEFINITIONS

M the November 1944 meeting of the NACA Subcommittee
on Aircraft Structural Design, representatives from the

Army, hTavyj C&i, NTACA, and several aircraft ma.nufac.
turers adopted as standard the following symbols and
definitions for airspeeds:

~’ true airspeed

Vi indicated airspeed (the reading of a difkren~ial-pressure
airspeed indicator, calibrated in accordance with the-
accepted standard adiabatic formula to indicate. true
airspeed for standard sea-Ievel conditions onIy, un-
corrected for instrument and installation errors)

T“c calibrated airspeed (the aimpeed related to di.EerentiaI
pressure by the accepted standard adiabatic formula
used in the calibration of dMerential-preaaure airspeed
indicators and equaI to true airspeed for standard sea-
level conditions)

V, equivalent air-speed (V&’)
Use of equivalent airspeed in combination with various

subscripts is customary, particuhdy in structural design,
to designate various design conditions. It is suggested that
the foregoing symbols be retained intact when further sub-
scripts are necessmy.

Most of the following symbok, which are used herein,
have already been accepted as standard and are used through-
out aeronautical literature. The units given apply to the
development of the equations in the present report.

v
v.
v.
a
M
P
Pa

o-

!7

!7C

P
Po

t
At

true airspeed, feet per second
calibrated airspeed, feet per second
equivalent airspeed, feet per second
speed of sound in ambient air, feet per second
Mach number (V/a)
mass density of ambient air, slugs per cubic foot
standard mass density of dry ambient air at sea level,

0.002378 SIug per cubic foot
density ratio (P/pJ

()
dynamic pressure, pounds per square foot ~PV~

impact pressure, pounds per square foot (total pressure
minus static pressure y)

static pressure of free stream, pounds per square foot
static pressure of free streti under standard sea-

level condition, pounds per square foot
temperature, “F or ‘C

*

ditlerence between freckr temperature and tempera-
ture of standard atmosphere, ‘1?
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absoIute temperature, ‘F abscdute or ‘C absolute
standard-atmosphere free-air temperature, ‘F abso-

lute
standard sea-level absoluto tcmycrature, 518.4 “F

absoIute
harmonic mean absoIute temperature, ‘F absoIute

(defied in equation (B5))
compressibility factor defined in equation (11)
compressibility factor defined in equation (16)
ratio of specific heat at constant pressure to. specific

hmt at constant volume (assumed equal to 1.4 for
ah)

absolute altitude, feet
pressure ah itude, feet
acceleration of gravity, 32.17’40 fee-t per second per

second
modulus for common logarithms, Iog10 e (0.434294)
coeiiicient of viscosity, slugs per foot-second
kinematic viscosity, square feet per seconcl (p/p)

()
Reynolds number p ~

Reynolds number for standard atmospheric conditions
charac.tmistic length, feet

CALCULATIONOF AIRSPEED AND RELATED QUANTITIES

Be.cause pitot-static arrangements are used as the basis
for the delamination of airspeed, aeronautical engineering
practice has clevdoped to include the use of a number of
airspeed terms and quantities, each of which has a pmt icular
fiekl of uscfuInees. True airspeed is principally of use to
aerodynamicists, and indicat cd and calibrated. airspeeds are
princ;pal]y of use to pilots. Equivalent airspeed is used by
structural engineers, since all load specifications have long
been based. on this quantity,

D&mite relationships exist between true airspeed, Mach
number, Reynolds number, calibrated airspeecl, and equiv-
alent airspeed, and all these quantities may be related either
to the dynamic pressure g or to t~ impact pressure- gC!
Same of the relations presented herein apply to..the calcula-
tion of true airspeed and Mach number from airspeed
measurements obtained. with an airspeed indicator of stand-
ard calibration. Other relations apply to the calcdation of
true airspeed when the impact presmre is measured directly.

If it is assumed. that the total-head tube ancl tlw static-
heacl tube measure their respective pressures correctly anc[
that these tubes are connected to an appropriate instrument.,
the impact pressure measured is given by the adi~batic
equation when V<a:

[( L
-Y-1P yz

)1

y-l
Q=p l+—-

2~ p –1 (1)

Standard airspeed indicators used_ in Army and Navy
airplanes since 1925 have been calibrated according to

equation (1) for standard sea-level conditions: that is,
according to the equation when V<a,

(2)

where @ subscript O denotes standard sea-Icvcl conditions
and VC”is the calibrated airspeed. The calibrabxl airspeed
is, the~ore, equal to true airspeed only for standard sea-
Ievel conditions.

DETERMINATION OF TRUE AIRSPEED FROM CALIBRATED AIRSPEED

The formula that relates the true airspeed to tho cali-
brated airspeed may be found by equating the. right-hum]
terms of equations (1) and (2) as follows:

. (3)

Because the exact numerical solution of equation (3) for
true ahspecd is invoIved and requires a great deal of time,
a n amber of charts for the determination of the true air- _
speed from the calibrated airspeed for various atmospheric
conditions have been derived. (See references 1 to 3.) A
typical chart (taken from ref ercnce 1) thut shows the rela-
tionship between Mach number, calibrated airspr.cd, pres-
sure altitude, temperature, ancl true airspeed is gi vcn in
figure 1. This chart is widely used bemuse of its conven-
ience. Airspeed may be obtained from this chart with rm
accuracy within 2 miles per hour when standard conditions
hold .tmcl wheu values of airspeed and prcssuro dtilude.
explicitly given by the chart are chosen; the possilk errols
increase .to within 5 miles per hour, howcwr, when the k’m-
perat uie conditions are not standard and when interpolation
is required for both altitude and airspwd.

For some purposes, charts such aa figure 1 arc not sufll-
ciently accurate.. A series of logarithmic tables lhtiL mgy

be used to determine the true airspeed in knots from observed
values of calibrated airspeed, pressure aItituclc, and free-air
temperature is given in reference 4. Logmithmic ttibks of
the type given in reference 4 are of limited usefulnc~ since
they cannot be used conveniently to evaluate the int.crmc-
cliat o quantities (impact pressure and Mach mm bur) that
are involved in the computation of truo airspeed.

A series of tables (tables I to J’) is given in the prcsmt.
report to pemit determination of impuct prcssuro gC in
pounds per square foot., Mach munbw 31, find true airspeed
V in miks per hour or knots for observed values of T“, in
miles per hour or knots, prewuw altitudo hp in feet, and
temperature in degrees Fahrenheit or C’cntigrado, ‘1’hc
accura~” of the tables is far greater then that with which
experimental data can normally be obt.ainecl. With ordi-
nary care in interpolation, errors should be less than 0.25
mile per hour throughout the greater part of the airepccd
and altitude ranges.
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Pressure aftiirmk?, ~, fhousands of fee+
605550454035= 252015/0 5 0

Ca/ibrafed airspee~ K, qah

FIGCREI.–CFMII ~ ~rgpeed agalng Mach nnmber. (From I@I-ISUX I.) Ah’speed!ndkalor Is assumedto be mllbrated to read tme ahspd h stnmlardsea-kwl condMns.
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Table I, which gives values of impact pressure g, in pounds
per square foot for values of V, in miles per hour, was cm.n-
puted directly from equation (2); s~dard values were used
for all the constants occurring in this equation. Table H
gives valuea of impact pressure q, in pounds per square foot
for values of ~~, in knots. In computing the values of q.@
table II, the conversion from feet to nautical miles used was
as follows:

1 nautical mile= 6080.2 feet
Tables I and II give the impact pressures for ~7,in increments
of 1 mile per hour ancl 1 knot for speeds corresponding to
Mach numbers at sea leveI from O to 1.000.

Table III gives values of static pressure p in pounds per
square foot for various values of. pressure rdtitude hp from
—1,000 to 60,000 feet in increments-of 100..feet and from
60,000 to 100,000 in increments of 1,000 feet for etandard
atmospheric conditions. (The use of the term “standard
atmosphere” throughout this report includes valuea for the
standard atmosphere up to an altitude of 65,000 feet” and
for the tentative extension of the standard atmosphere from
65,000 to 100,000 feet.) The wdues.~ven in table III were
computed from the equation

(4)

which is given as equation (4) of reference 5 with slightly
dfierent symbols.

From tables I or II and HI the ratio of impact pressure
to static prcwmre gdp may be. established and the Mach
number, which is a function of this ratio, may then be found.
The relation between Mach number and g~p maybe found
from equation (l.) as

(5)

Table IV gives values of hlach number for various values of
the ratio q~p.

The Mach number M is defined as the ratio of the true
airspeed to the speed of sound in ambient air and thus, with
the Mach number determined, the true airspeed may be
found by the use of

V=Ma (6)

The speed of sound in ambient air is found from the
equation

p

—.. .
a= (7)

P“”-

which may be rewritten in the foIIowing forms when the
value of 7 is assumed equal to 1.4 and the air is assumed to
follow the gas law

P=PO
2?’! ..L. L
PO T

-— .—

If a is in miles per hour and T is in degrees Fahrenheit
absolute

a=33.42$T (8)

If a is in !caots and T is in degrees Fahrenheit absoluto

a=29.02~Y (8a)

If a ii in reties per hour and 2’ is in degrees (?entigrado
absolute

a=44.84fl (8iJ)

If a is in knots and T is in degrees Centigrade absoIuLe

a=38.94~T (8c]

Table V gives the speed of sound for vaIucs of free-air
temperature in degrees Fahrenheit, and table VI gives tho
speed of sound for te&peratures in degrees Centigrade.
Tables V and W. give the speecl of sound both in milcs pm
hour and in knots.

In order to ihstrate the use of tables I h W to dchwmiic
the true airspeed from calibrated airspeed, the following
emmple is presented:
Given:.

Calibrated airspeed V,=398 miles per hour .—
Pi%sure altitude hp=22,000 feet
Temperature t= –120 F

—

To tid:
True airspeed T7in miles per hour

step (1)
From table I, for Vt=398 miles per hour,

q,=433.7 pounds per square foot
Step (2)

From table III, for hp=22,000 feet,
P=893.3 pouds per square foot

Step (3)
From these values,

q, 433.7
~-893.3=0-4855

step (z)”

From table IV, for $=0.4855,

M= 0.7736. .
step (5)

From table V, fort= – 12° F,
a=706.9 miles per hour

Step (6)
By use of equation (6),

V=Ma=0.7736X706.9 miles per hour
=54&8 miles per hour

DETEItbiINATION OF TRUE AIRSPEED FROM IMPACT PRFSURE

In order to convert measurements of impact pressure to
true airspeed, the static pressure and the speed of sound must
be km-mm. It is convenient first to determine the Mach
number from measurements of the impact pressure and tho
static pressure. Table IV may be used to find the Mach
number from the ratio q~ to p and tables V and VI may be
used to fbd the speed of sound for various values of the frce-
air temperature. The true airspeed may then be deter-
mined from equation (6).
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%’P ad qcl!!

FIGCRE2.—CompressibilIty factors.

DETERMINATION OF DYNAMIC PRES9URE AND EQUIVALENT AIRSPEED

In order to reduce flight-test data to coefficient form or to
demonstrate compliance with certain structural require-
ments, either the dynamic pressure g or the equivalent
airspeed V must be determined. The relations of dynamic

pressure and equivalent airspeed to impact pressure, static

pressure, calibrated airspeed, and Mach number are therefore

presented.

Since the dynamic pressure g is by defiition

it may be expressed as a function of the impact pressure by
solving equation (1) for true airspeed and substituting the

r resultant e..pression int o equation (9), which reduces to

q=f?l: (lo)

where

Values of the compr&sibility factory are given in figure z
as a function of q~p. The dynamic pressure may sIso be
expressed as a function of Mach number and static pressure
from equations (6), (7), and (9) as

*=; @y2 (12)

Since the equivalent airspeed V. is by definition

(13)

the relation between the equivalent ainspeed in miles per
hour, Mach number, and pressure ratio can be derived from
equations (6), (8), (13), and the gas-law equation as

(14)

The variation, determined from equation (14), of equivalent
airspeed with Mach number for pressure altitudw from O to
100,000 feet is given in figure 3. For convenience, the true
airspeed t-hat applies to the standard atmosphere computed
horn equations (13) and (14) is SISOincluded in figure 3.

S4!2251-50-7
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FinaUy, expressions that will relate the true airspeed, the
calibrated airspeed, and the equivalent airspeed are deter-
mined. If equation (2) is solved for 17.:

vc=&@$+l)=-l]& (15,

equation (15) becomes

.
(17)

The compressibility factor .fOis given in figure 2 as a function
of g./pO. similarly, the true airspeed maybe written.

,—
V=f /3.

1P

From equations (17) and (18)

When equations (13) and (19) are summarized

‘7=vM=%k’

(18)

(19)

(20)

For convenience, equationa relating the various airspeed
quantities are Iisted in appedix A.

DETERMINATION OF REYNOLDS NUMBER

In comparisons of flight and wind-t~nel results charts
relaiing the Reynolds number to the Mach number have
been found convenient.

Reynolds number is detied by the formula

~_ Vlp vl——.—
PJ’

(21)

where 1 is a characteristic length such as the chord. Equa-
tion (21) may be written so that the Reynolds number is
expressed as a function of Mach number and absolute
temperature in degrees Fahrenheit for unit values of the
ckracteristic length t as

;=49.02M$T (22)
v

In order to faditate the determination of Reynolds number,
figure 4 has been prepared to show the variation of the factor
R~u/l with Nlach ;umber and pressure

R,ti is the Reynolds number computed on
ahitude, where
the basis of the

st anchrd atmosphere. Figure 4 (a) holds for pressure
altitudes from sea level to 60,000 feet, and figure 4 (b) holds
for pressure altitudes from 60,000 to 100,000 feet.

In order to account for free-air conditions other than stand-
ard, figure 5 is given to be used in conjunction with figure 4.

‘When p=% ~~~16 (justification for the use of this equa-

tion given in the section entitled “Properties of Standard
Atmosphere”) is substituted into equation (21), the Reynolds
number factor may be written

(23)

The Reynolds number factor in the standard atmosphere
becomes .

(24)

When equation (23) is divided by equation (24)

&+9E%J (25)

Figure 5 gives R/R,,~ as a function of pressure altitude and
the detiation At of the free-air temperature from standard
temperature for a given pressure altitude. In equation
form,

At= l’— T,,~ (26)

The curves of figure 5 become stiaight lines for press~e
ahitudes above 35,332 feet, since T.ti is constant abo-re this
aItitude range.

In order to illustrate the procedure to be used in determin-
ing Reynolds number, the folIowing example is presented:
Given:

Mach number M=O.75
Pressure altitude &=35,000 feet
Characteristic length Z= 10 feet,
Deviation of free-air temperature from standard tern- “

perature At=–IO” F
To find:

Reynolds number R
Step (1)

From figure 4 (a), for M=o.75 and hp=35,000 feet,

~=l,80D,000 per foot

step (2)
For 1=10 feet,

R,,.= 18,000,000
Step (3) “-

From figure. 5, for hr=35,000 feat and At= –10° F,”

~=1.036

Step (4)
From these values,

R=18,600,000
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FIGURE4.—Varfatlonof Reynolds nomkr factor.inthe standardatmowhare.
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FIGURE5.—Verintkm of RegnoIds number tempwature eorreeffon fmtw with pressureeltJ-
tude and the deviation& ci tke free-afr temperature from the tercqxature of the stenderd
atmosphere.

PROPERTIES OF STANDARD ATR1OSPHERE

For many purposes, such as performance and load calcul-
ations, the concept of a standard atmosphere has proved to
be very useful. The United States standard atmosphere
was officially adopted in 1925 (reference 6). In reference 6
tables are given that are of most use in the calibration of
instrument. The properties of this atmosphere -were
originally tabulated by Iliehl (reference 5).

Table VII gives the standard atmospheric values up to
altitudes of 65,000 feet and includes quantities that have
been found to be of use in the interpretation of airspeed and,
related factors. These quantities are the pressure in pounds
per square foot, the prwsure in inches of water, tha speed
of sound, the coefficient of viscosity p, and the kinematic
tiscosity v. All the quantities given in table VII are in the
English system of units for every 500 feet of altitude up to
65,000 feet.

The values given in table WI for the coefficient of vis-
cosity p and the kinematic viscosity Yare not standard vahms
since a standardization of air viscosity has not been agreed
upon as yet. The vahws listed for p and v are believed to
be sufficient.ly accurate, however, to be useful in calculations
requiring viscosity of air.

For altitudes from sea levcl to 35,000 feet, the pressure p

in pounds per square foot and in inches of water was deter-
mined from the ratio pjpo given in reference 5 and values of
the pressure at sea level of 2116.2 pounds per square foot and
407.1 inches of water. The sea-level prwsure in pounds
per square foot is based on the pressure in inches of mercury
at 320 F of 29.921. The sea-level pressure in inches of
-water is based on the pressure in inches of mercury at 32° F
and water at 590 F. The pressure p in inches of mercury for
altitudes up to 35,ooO feet is taken directly from reference 5.

The quantities mass density P and density ratio u are also
taken directly from reference 5 for the altitudes from O to
35,000 feet. For altitudes over 35,000 feet the pressures,
the mass density, and the density ratio were recalculated, ”
since a minor error was discovered in the calculations of
reference 5 for the pressure ratio for tdtitudcs above 35,332
feet.

The quantity 1/1~ is given to facilitate the computation
of the true airspeed V from the equivalent airspeed V,.

The absolute temperature in degrees Fahrenheit was ob-
tained from reference 5 except for altitudes above 32,000
feet, where int.erpolation was necessary at the 500-foot
stations.

For ready reference, the standard mdues and the variation
with altitude of temperature and density originally used in
the computations for the standard atmosphere are included
in appendix B of the present pa-per.

The speed of sound in miles per hour computed from
equation (8) is given in table VII. A value of -y= 1.4 vs%s
assumed to hold for the temperature range that is included _-
in table VII.

The coefficient of viscosity ~ was computed from the
fornda

2.318 T’an
. ~=rm

(27)
.-

Equation (27) was obtained from reference 7 by converting
the equation given therein ta the English system of units
and by starting with a value of P=3 .725X 10-7 consistent
-with the standard sea-level conditions.

The kinematic ticosity of air Y was obtained from the
definition

Pv =— (28)
P

TENTATIVE E~TENSION OF STANDARD ATN1OSPHERE

The ATACA Special Subcommittee on the Upper Atmos-
phere at a meeting on June U, 1946, resolved that the
tentative e.-.-tension of the standard atmosphere from 65,000
to 100,000 feet be based upon a constant composition of the
atmosphere and an isothermal temperature which are the _____
same as standard conditions at 65,000 feet. This tentative
extended isothermal region ends at 32 kilometers (approxi-
mately 105,000 ft). It is possible that as results of higher
altitude temperature soundings become available and the
standard atmosphere is &tended to very high nlt.it udes
the present recommendation may be mod&d.



80 REPORT NO. 437—NATIQNAL ARVISORY CO~~ FoR .4WJWAUTW .-. .-. .- _

The Subconimittee also recommend~d that the. values of A tentative extension of tho standard atrnosphcrc corn-

temperature given in the. fallowing table be considered as puted from the equations given in appendix B using tlm
maximum and minimum values occurring for the given recommended isothermal temperature is giwm in t.tible VIII
altitudes with the variations between the specified points for ahitudas from 65,000 to 100,000 feeh. All quant.itics

to be linear:

I 20 ml 2s0
. . .E 203 .@

1 1 —.

----

I given in tabk VII am in&ded in table VIII.
. .-

-

LANGLEY ~lEMORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,

LANGLEY FIELD, VA., JUILI17, 1946.:.

APPENDIX A

SUMMARY OF EQUATIONS RELATING AIRSPEED QUANTITIES

The equations relating the various airspeed quantities,
which are given in the present paper, .qre as follows:

L

flc=P [(
)1

‘y-l p ~2 7-1

1+ 27 p
—. – 1 for V<a

[(

z.

%=PO
~+~— 1 Po

)1

Vj ‘-l_
27 po

1 for V<a

~=; PV2

q=f?l.

g=; PM’

p To ,
P=Po~~

“m

fo=ipj

M={W+’YW

—

(Al)

(A2)

(A3)

(A4)

(A5).

(A6)

(A7)

(M)

(A9)

.
(Ale)

,
If a is in miles per hour and T is in degrees l?ahrcnhci~
absolute

a=33.42-@ (All)

If a is in knots and T is in degrees Fahrenheit tibsolutc —

a=29.02~T (A12)

If a is in miles per hour and T is in degrees Centigraclo
absolute

a=44.84.~T (.413)

If a. is in knots and T is in degrees Centigrade abeoluta

(.414)

(A15)

(Ali)

(A17)

(A18)

(A19)



APPENDIX B

CONSTANTS ANIJ EQUATIONS FOR USE IN CONIPUTATIONS OF STANDARD ATfilOSPHERE

The values of the standard atmosphere given herein are
based on the following values:

Sea-1evel pressur~ pO=29.921 in. .Hg
=407.1 in. Hzo
=2116.2 lb/fta

Sea-1evel temperature tO=5901?
Sea-level absolute temperature TO=518.40 F
sea-level density ~=0.002378 slug/fta
Gravity g=32.1740 ft~se~

Temperature gradient ~=0.00356617° l?/ft

The altitude of the lower Iimit of the isothermal atmos-
phere 35,332 ft

Specfic weight of mercury at 32° F=848.7149 lb/fta
Specific weight of water at 59° I?=62.3724 lb/ftS

Up to the lower limit of the isothermal atmosphere (–67° F
corresponding to 35,332 ft) the temperature is assumed to
decrease linearly according to the equation

(Bl)

Further, the atmosphere is assumed to be a dry perfect gas
that obeys the laws of Charles and Boyle, so that the mass
density corresponding to the pressure and temperature is

(B2)

In reference 5 the pressure and altitude are related by

, h=— —P:m$7’g”; (B3)

where m is the modulus for common logarithms, that is,

m=loglo e= O.434294 (B4)

The harmonic mean temperature T. is given by

T =ZAh Ahl+AhS+. . .——n .&– Ahl Ah
(B5)

‘Ta, ~+~,+” “ “

where T~O,,T.,z, . . . are the average temperatures for the

altitude increments Ahl, Ahz, . , . .
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TABLE I

lMPACT PtiESSURE q. IN POUNDS PER SQUARE FOOT FOR VARKJUS VALUES OF CALIBRATED AIRSPEED 1-’,
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TABLE II

IMPACT PRESSURE g. IN POUNDS PER SQUARE FOOT FOR VARIOUS VALUES OF CALIBR.4TED AIRSPEED V. IN KNOTS
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TABLE III

STATIC PRESSURE D IN POIJNIJS PER SOUARF FOOT FOR VALUES OF

-.

PRESSURE” ALTITUDE h, FROM” – 1,000 TO 100,000 FEET
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MACH NUMBER FOR VARIOUS VALUES OF q~p
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.6429

.8489

.8649

.860a

.8567

.s724

.m

.=

.8S94

:%!

:%
.9165
.9217
.9269

.9221

.W72

.9423

.9478

.932a

.9672

.9621

:27
.9704

.9811

.c@.m

.s004

. QwU

3

o.los&

.1804

.mQ

. 24&l

.27%

.2937

.alw

.2394

.*

.3789

.3941

.U05

.4261

.4472

.46s

.4695

.48W

.4960

.4086

:E
.3440
.65.52
.M62

.6769

.5s73

.6976

. em75

.6172

%!!
.6432
.6342
.Wo

.6717

. mm

.62s5

:%

.7127

.m

.7282

.7368

.7422

. 7K!3

.75i8

. iluO

. 771Q

.7W

.%57

.7924

. ml

:%

:%
.8312
.a3i4
.8436

.&w.6

;%

.6782

.8787

.8?44

.m

.8936

.9309

: ~;

.9223

.9275

.m20

.9377

.9423

.9478

.9623

.Q6i7

.9625

.C072

.4722

.976a

.S16

.4S63

.6939

.6W6
LW

4

0:077;

JB4Jl

.X88

.2761

.2990

.a!ao

.3414

.3606

.3785

.396s

.4121

:%

.4370

.47C41

.4848
;=

.6219

. SS37

.54h3

:%

. 6W9

:%

:%%

. 6n7

.6270

.6461

.6631

.068Q

.6725

. &slo

.(W3

. WJ7A

.7056

; ;I

.m

:%

.7b12

.7686

%#

.m

:E

:%%

:%

;=

.8601

.ml

:Fn
.$726

.&w

.mll

.W3

.8Q6Q

.$215

%J

.9228

.E2m

.QW1

.9s43

.W?a

.94?3

.Q6N

.93$2

.W30

.9076

.m

.9774

.WI

.w07

.W12

.WeJ1

6

am46
.14431
. lml
.-
.3ir16

.2778

. XN2

:%%
.3624

:%!
.4X37
.4292
.4441

.4584
,4723
.48%
.4W5
.5110

.6231

.6248

.3462

.5s74

.66s2

. 5m

.MQ4

.W35

.60W

. 6Nl

%J

.6560

.2848

.6724

. W8
; al

.7023

.n42

.7321

.7-W

.7273

.74-46

. 76nl

.7692

.7603

.m

.%22

.7S70

.7938

.-

.an

.8125

:%%

:%
.PA47

.8W7

.8666

.8625

.86M

.8742

.8799

.MM

.S910

:%%

.9074

.91.a

:%%
.9285

. Q22J3

.9sS8

.9’4?s

:%%

. QKB7

.Qw3

.9W

.9731

.6773

.9828

.US72

. QQ18

.Qw4

6

aom
. lEUS
. IQ18

:E

.2801
:=

.8462

.3!343

.2a21

.2991

.4133

.4S07

.4435

.46B9

.4736

. 4s69

.464’8

.6122

.6243

.E360

.3474

:%

.5WI

:%!
.6104
.Wn

.6290

.6288

.6479

.5559

.MM

.6742

.m

.6%9

. OQm

. 7on

. n61

.7228

.7W

.7WI

.7464

.7627

.7399

.7070

.n40

.7809

.7877

.7W

.mu

.W6

.8141

.82M
;=

.m

.8453

.8FJ8

.6372
:=

.8747

:%

.8916

.8971

.9226

.K@2

.mm

.9186

.9233

.9292

:=

.9443

. W98

.9542

.9692

.9640

:%

.W30

.6S77

.0$23

.W2Q

7

0.lml
.1664
.I.Q54
..2236
.2570

:E

:%
.3651

.3839

.4m7

.4168

.4822

.44:0

.4612

.475)

:%

:%!!
.6485
.tWt3
.6703

.68LI

. 6Q14

.e4t16

.6114

.6210

:%
.548s
.6678
.W5

.0781

.W5

. 5Q18

:%

.n69

.7236
;&E

.7461

.7634

.iKr7

.767?

.7747

.7816

:=

.8217

.S3s2

.8148

:E

:E
.8454

.8610

.867a

.S337

:%%

.mIo

.W?15

.8922

.W7

.QcW

. CUS6

.OIM

.91Ql

.9242

.4206

.9?4

.Q8m

.9448

.9498

.9547

.9696

.9645

:E
.9789

:%

.QQn

. Wn

8

am
.1399
. lom
.2215
.2dQ7

.9849

.2aso

.8292

.2462

.26io

.2865

.4024

.484

:%

.46!33

.4762

: gi

.M65

.52s2

. E-197

.5@37

.6716

.5821

%J

.62M

. @314

.5407

.6497

.6685

. 66i4

.6769

.6942

.6920

. 7m7

.7067

.7163

:g

.7468

.7541

.7514

.7084

.7734

.7822

.7892

.7958

.8024

:&u

.8a7

.S280

:%
.8463

.S526

:=

.871M

.ES16

.8822

.Wn

.S282

.Qm6

:??%
.W03
.9249
.9331

;%

.9459

:=

.0801

.9649

.W7

.9743

.9792

.9840

.9S86

.W2

.9979

Q

auw
.1542
.2aal
.2245
.262S

.!2%73

.3102

.3314

.3511

.2807

.3972

.4040

. 419Q

.43&3

.44s9

.4&lo
t4777
.4WS
.6m3
.6139

.3278

.6293

. 530s

.6518

.6723

.&s3a

.E#x3

.0a33

.6133

.6229

.6324

.6416

.0#6

.0695

. e4S2

.6768

. m2

.6034

.7015

.7W6

.7174

.7251

.7227

.7403

. 74i6

.7MQ

. iml
; %1

.7829

.7s97

.7W4

.8023

.awl

.8161

%J

.WI

.8471

.8631

:E
.sio7
.8764

.8821

.W7
:%

.9042

:%
.4%3X4
.92M
.9200

;p3s7

.9438

.9303

.9657

.Q6M

.0s54

.Q7Ga

.97m

.9797

.W44

.WM

.9E#9

.QM2

.,
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TABLE V

SPEED OF SOUND. FOR ~AR1.OUS VALUES OF FRERAIR TEMPERATURE IN DEGREES FAHRENHEIT
.

(4) o 1 2 s 4 3. 6
I

7
I

8 0
.

—

SIXA of sound,m~h ‘-

1
. -.:

661.2
669.e
677.9
636.0
g;

ni o

-

667.1

%:
691.7
620.7
707.7
n6. 5

717.1
724.8
722.6
740.1
747.6
755.0
762.4
769.7
776.‘a
g;

m: 2

662.9
071.2
679.6
2S7.7
6%5.7
m. 7
711.6

ml. o
728.7
73&3
743.8
761.a
7s. 7
766.0

To: ;
737.6

Smm”;

-m W. 6
-60 627.‘a
-60 676.2
–40 S%4
-so f#z.:
-a
–lo 71M5
-o ne. 8,

662.4 664.6 ~;-
673.7 672.9
6820 ml. 1 w: 3

~9. 8
3. i

6S8.6 “
6%’.3 696.6

706.1. 705.3
n4. o 713.2 E.:

S&:

67a7
6@J3.9
664.9,
702.9
710.8

721.7
72Q.4
737.1
744.6
762.1
750.4
763.s
774.0
781.2
78&3
796.4
8024

w. 3

KJ

6W 3
701.3
7oa.2

o 716.3
724.1

N 72L7
30 720.8
4Jl 746.8

764.3
60 761.6

:6]
E

782:3
1% g;
110
120 804:4

718.6
726,4
734.0
74L6
749.1
7M1.5
762.8
77L1
778.S
736.6
702.6
799.6

722.6
720.2
737.8
746.3
762.s
760.2
767.6
774.7
781.9
789.0

8%. ;

~:
738:6
746.1
753.6
76ciQ
m. 2
776.4
782.6
780.7

E.!

-.
- - -.—

,

-70
-60
-ill
-40
-30
-20
– 10
-o

0

#

g

60

{

;2
120

1 ---T_
.

676.6
6a2.9
600.0
897.1

w;
617.9

674.Q
682.1
.5s0.3
596.4

E:
617.2

6726
6s0.o
.587.2
684.3
601.8
663.3
616.2
622,0

(w:
69L.5
6J$:

612:4
619.3

.976.3
682.6
6!30.8
667.8

%:
618.6

674.1
6SL4

l%!
602.7
609.7
616.6

673.4
260.7
B7. 9
695.0

%:
615.9

622.7 623.4
029.4 020.1
636.1 630.7

yg: ; ;;: ;

662:0 fiti 6
6ss.3 e89.o
074.6 676.2
630.8 66L4
eS7.o @7. 6
6W.1 6W.7

624.0
620.7,
637.4

%.:
2M.9
663.3
609.6
6~7$~

P&”:

625.4 626.0 620.7
633.4

g6:~z: “ %; 640.0
646.9 646.6

651:8 662.4 662.0
W. 8 059.6

E: 066,2 665.8
670.s 67L6 672.1
677.1 677.7 678.3
&a. 3
m9,4 ““” %$:

6S4.6
690.6

695.6 S&3.1 6M.7
---
-,

622.0
626.7
W. 4
642.0
643.6
666,0
661.4
667.7
674.0
63&2
686.4
692.6
6!32.6

627.4
634.1
840.7
647.2
g;

m: 4
672.‘i
6~ ~

W: 3
667.3

628.1
624.7
241.3
647.Q
654.3
cm. 7
667.1
673.4
678.6
@b.8
691.9
697.9

-.. -:. .. =: .-
.. .. .-

- -.

SPEED OF S,OUND FOR VARIOUS VALUES OF FREE-AIR TEMPERATURE IN DEGREES CENTIGRADE

> .
(0 ‘c). o 1 2 3 4 6. 6 7

I
8

I
9

. . ..— :.
S@d of sound,mph

~ --”+-. “- -.<“:.’. ---:: -+-- ‘

656.0
67L1

%.:
714.6
73$6

--

667.5
672.8

!%:
716.0
m. Q

-
1 .

662..6”
677.1
69L8
706.1
7m.2
734.1

6m.1
m. o
697.6
7X.8
726.8
m. 5

SM.6
6$1.6
682.1
710.4
724.4
738.2

%:
e4?4.0
708.0
7!2$.o
726.8.

663.6
678.6

!%;
721.6
735.4

W3. 5
675.6
bxl.3
704.7
718.8
732.7

&w.o
674.I
W.”8
702.3
717.4
72L8

7W.a
762-6
776.6
789.6
ml

740.9
7543
767.5
no.a
~-;

744.9
768.3
771.4
7%4
m. 1

753.0
706.2
779.2.
7W20
W. 6

1:
m
S3
40
60

?42.2
766.6
765.8
78LS
794.6

743.6
757.0
770.1
783.1
796.8

746.3
759.6
7727
7%6.6
m. 4

749.0
762.3
776.3
788.2
ms

761.0
7&9
777.9
7!)0.8
8M4 ,

- .-

-63
–co
-40

:_i

- —-. ...
r, . . .

-=..-

b@.3
ml. 6
69L4
S37.o
SM.4
W. 6
642.4

bn. 6
54u.6”
622.2
em 7
62i.9
839.8

-

.wk 2
589..2
eml.o
614.6
Sm.?
628.7

648.1
669.7
6n. 1
632.3
682.a

-

--T=
- -

671,0
WI
636.‘a
W. 6
m.8
W2.Q

%:
60&7

1!%
632.7

652.Q
065.4
676.7
w, a
ma s

%!&_
Sla 2
620.3
642.2 –

6&:

604:6
616.9
6!2%1
641.0

!Ji~”
b13:2
625.5
627.5

573.6
6%.7
599.6
6L2.o
624.p
636.3

“572:

m. 2
610.8
623.0
62&1

w
667.7
678.9
060.0

646.9
668.6
S&a.9
6s1.2
6622

649.2
663.8
67!2a
693.4
SW.4

652.4
~;

Ss415
62A6

S51.6
02$.1
674.5
635.6
6m.e

2%?.s
w. 3
676.6
@#;

.-. -- -
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TABLE VII

PROPERTIES OF THE ST~TDARD ATMOSPHERE

Alt2t#de,

(ft) -

:: 407.1 26.92
392.8

O:am LWW
29.aa

L m 618.4

3W.6
LO07 61&6

%
23.88

ZKs
.Wzsm

28.32
:%% L015

.00227s
514.8

373.5 27.82
.9m8 m&o

:E 37L6
.om242

27.m
.Q428 ;KJ

.mzzw
61L2

1862
!m.m

.92S9 609.5
.0+32176

!%: 2fl 32
.9151 :%

1828 661.6
.oo2144 .W15
.Wzllz

W

1794 6421 %:
.ml L Om

.mzmo .S748 1084 %;

1780 2327 !24.89
1728

. Immo
2L 43

.8616 LOi7 too.6

lmo !2 :
.mmls

23.28
.%

. mm
41W8

3m.1
.8362 M$f 4Q7.O

.RL% 314.1
.C01Q57

%:
1.102

.Wlm
22.2+3

:%% L 111 w

h? $%:
.Oolaw

2222
.iwz 1.m

.Cm8m
4QL7

%6
.i35Q

2L WI
L 128

R? 291.0
.m2.io .m

2L 2S
L 137

.m2812 .7619
g?

14s3 285.4 .m.Ss
1.146

.001784
486.3

.ml L 155 484.5

1465 27Q.9
M2z . . 274.6

.m?td
::

1.164
.mlizs

492.7

209.2
:%% 1.173 481.0

E!
. m]702

g;
. n54 ;%

IQ.40
4792

.mm .7042
19.08

4n.4
&g 2528 18.85 :gg g w

4766

2*8 la 29
473.8

Im 243.0 17.WI
4720

1242 2m.1
.0m670 .W

17.67
w’ 470.3

lm 2244
. muxa .MQQ L240

17.i2 .W1520 .mQ4
4625

L 2.91 4W7

IM4 22Q.r lfi 83
Ilio

.fmlwo
18.E4

. 82Q1 L ml 464.9

1146 E:
.mm

l&21
.6189 1.m

.mmi9 .6m9
4621

1123 Z16.1 lh 39
1.m

.001424
46L3

1101 lh xl
469.6

1078
. .wl.kll

%:: En
:!iH :%

; gl&8
467.8

1066 g;
. 6W3

14.94
L 314 4m.o

~ 14 w
tio

.0ma2
1433

:%% ;%
.m13n .6mQ

%$:

292.6 lQLO 1404
L 647

.muzw . E418 L359 %.:

972.I 187.0 la 76
961.9 18%L

.(W)1267 .6327
1%46

L 8i0
.LY)1240

447.1

179.3 13.18
.6227 1.382 445.3

K:
.m=

17h6
.6148

12 m
8928

.mm34
1719 12.83

. mm i!% %;

8744 ~;
.mma

lz38
.4974 L 418 4m.9

.001182 .485Q L 430
12 !0

~:
.MI1146

mi 2 11.84
1.443

.Oollza
%:

157.7
:%!

11.69
L 455 4346

802:2
.mlmz .4&io L 46s

1648 lL 24
4228

. (KI1OS5 .4559 L 4m 481.0

760.9
759.6
im. 3
757.0

W
7Eao
76L7
750.4
740.1

xlc-

1.76s
L7Q0
1.812
L 235
1.8s7
1.281

;E
1.954
L978

747.7
746.4
74h1
74L7
7423
741.0
239.7
738.3
737.0
7256

%$;

%:
72a8
727.6

E+
722.4
722.0

Z.&a
z mz
a 632
2692
a.581
3.671
&ml

kg
3.529

a.619

iti
& 487
3.476
L 468
&46a
3.445
a434
2%423

720.6
71Q.2
n7.a
716.4
7M.O
na 6
712.2
710.8
709.4
im. o

3.418
a402
3.391
32s0
a S:o
s,ma

:,%
8326
a.316

i06.6
ioh2
iws
702.4
iOL O
6W.6

1%+
69&8
8W8

7849
76-?.9
76L2
7348
?la 7
7029
087.4
6721
mi. 1
6424

161.0
147.7
1445
14L4
lw.8
lzhz
122.2
lm. 8
126.4
123.6

IL 10
10.66
10.62
1o.69
IO.16

: -%
9.624
9.!2S3
9.ma

%’
.4m
.4247
.471
.4m7

:E
. si9
.2409

L 404
L m7
1.ml
L624

i%
L577
L6QI
:CJ

429.2
42i.6
42h7
4220
422.1
4m 8
438.6
~1 :

413_2

a.mo
2.044
6.026
K 131
3.176
3.!222

~ %J

i 45

6m.o
6128
6m.Q

%.:
Mm7
6W:

52L7
Kc16

22n.8
H&o
lM 4
112.8
1102
10’.6
1052
1028
lm. 4
92.CQ

8.830

:!%
8.290
8.101
7.915
7.732
7.664
7.377
7.205

?E
1666
L682
L 697
L ns
1.730
L 746
L 782
L 279

.3740
-3071
.Z6m

:%%
.3436
.m42
.3280
.3218
. a158

411.4
40J.6
407.8
406.1
404.8

%.!
3m.o
247.2
5%4

3.488
3.61Q
6.870
am
am
6.736
3.792
2.861
& 911
a 975

.-—
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Altl~ude,

(ft)

a&m
35,382

%%’
8&g

37:WI

%%
aO,011
89,520

40,000
40,500
41,000
41,m
4%cm
4%m
42,Ow
42,WI

2%

46 Olxl

2%
46!Klo
47,030
47,m
48,006
em
49,m
49,ml

50,000
60,600
51,000
51,306
62,Ow
5%m
E3,m
s?,m
6k030
34,Xlo

66,006
55,WI

%X%
67,OK!
67,603

W%
m, m
69,W6

%%1
61,fx0
61,&Io
e%c03

2%!

!W
04.m
6&c03
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TABLE VII -

PROPERTIES OF THE STANDARD AT MQ~PHERE—C!oncluded _ ._

(lb/ftq

497:6
489.8
48b.8
474.4
4622
41i2.2
44LII
43L1
42Lo
411.0
43La

891.9
8626
373.6

%:
347.a
m. 6
33L.5

Pi!

30S.6
an. a
!W4.2
297.a

~;

zai I
255.0
24a.o

243.1
237.a
XL 7
223.a
220.9
216.7
zla 6
!X15.6

.ZJm;

19L4

1%:
lm 2
174.0
169.Q
16ti9
1620
1s8.1
MA 4

lW. 8
147.2
148.8
14114
127.1
133.8
m. 7
127.6
12A6
12L6
lla 7

Pressumqp
-

75.44’”
73.64
n. 60

%;
Iw.ea.:
w. 34
68.m
62.a-
ea.82”,_

60.40
w. 01 “_
‘&$>..
ga. ”

6L 46

E;
47.02

46.n“–.
4b.67
4460
43. M
42s2
4L 81~ ~...

80.b7
38.04
37.n“ -

a6.w””

. H-..

23.48
8%W
8L 92

%x”
29.71”

iii%
27.f%
n. 01-
g%

25.14
24.5-4
a. 98
23.40
22.85.

-

(in. Hs)

7.W6
;;3-

( nl
8.s52
haw
;: Ml”

6.w
5.818
b.676

5.644
6.412
6.284
6.188
5.02a
4.Wa
~,

4.578
& 470

4.8ea

;~

a:037
2.875
a 782
8.802
8.635
3.622

3.m
a.857
a.276
a.200
8.124
3.0s1

.;=

k;

z 707
2.e44
2.581
%Sm
2.461
2.4a9
2.345
2.291
2.2%8
2.184

2.132
2.082
2.(!46
L 986
L 938
LW3
1.648

; 7g

1:679
-

D;na;ty

u=L’
m

o.80E3
.ao~
.ao24
.2962
.Waa

:Pm
.ma?

:%?
. 2XJ6

.2446

. !WQ

.2823

:x

:%

.ml

.1074

. 1W7

. M63

. law

.1794

.1762

.1711

. Mm

. la

. 15!32

.1656

.1518

.1482

.1447

.1413

. L379

.1347

.1315

. lm

. K454

.M24

.1195

.1167

.1146

.1118

.1087

.1061

. lW

.1011

.WS76

.0w43

.W41s

. 091%2

.0W76

.08784

.08s67

.m3.M

.08M8

%%
.07604
.07414

.

.

*

1.797
LW9
1.816
L 837
1.8MI
1.w
:.

LWI
1.074
1.m

2.021‘
ze46
z 07U
%096
2.ml
2.146
2.172
2 lm

;%

X 278

ii%
%361
z aw
2.418
2,447
z 4n
Xms
2536

2667
Z.E4#
2.02’a

H%
2726
;;:

2.824
2.868

f48W
2.V27
ZW2

;E
a.670
3.107
8.146
3.M!3
3.2W

3.G
am
a.W6
s.a78-
a.419
a.402
a..501

t 52
a.om
3.672

~

W. 6
am,4
am.4
Wa.4
39.2.4
aez 4
892.4
8W:

aim4
3624

8924
84+?.4
8924

%1
8924
8W2.4
3624
39Z4
3624

2?324
392.4
as24
aez 4
a924
392.4
392.4
aw. 4
3824
392.4

W24
a024
aw. 4
a02.4
392.4
8~-;

392.4
392.4
392.4

3924
362.4
awa4
.Ta2.4
382.4
39!44
aw, 4
8030:

2924

292.4
aw. 4
W2.4
3924
802.4
afz 4
3624

%:

%

Spwd Of
wind, a
(mph)

6W.O
662.0

!&’
Mzo
062.0
202.0

%-:
622.0
66Z0

8020
6620
e8zo
e820
Wzo
W2.o
M2.o
Wzo
6620
8820

0020
6620
0020

W
84320
e8zo
6620
66Z0
W20

%!
6620
6020
282.0
282.0
Ofia.o
60Z0
66Z0
062.0

062.0

w
2520
%:
662.0
W2. o
662.0
662.0

6620
6020
6620

gj

Wzo
5220
eag

W20

CceOlc!ent
of vkmEJtY!

(W$’rt-see:
.—
2 W9xlo+
2.002
2.962
a 002
a.w
2.902

~~

Eiuemntlc
Vlscomy,

.

am
&4m
8.MJ7
a.u6

;=
9.470
0.699
0.02a
.a 17

.

.—
,“--:

+-. =

. .. . .
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TABLE VIII

PROPERTIES OF THE TENTATIVE STAiiDARD-ATMOSPHERE EXTENSION

Altltude, I Pre3sum, p I DensitY,

d
Dm~~ty

&
m

—

0:074374

.07C69

.06%31

.Wa9

.W3so

:%%
.0m26
.06wl

(k)
I (lbifu) I (h H,O)

2285
2281
m. 73
21.n
.W.77
m. a
19.m
19.w
18.37
l&43

(h. Hg)

1.679
1.640
L 601
1.m
1.623
1.4m
1.455
L421

+%

1.322
L .291
1.231
1.!mI
1.m
1.173
1.146
1.119
1.062
1.007

L w
L 017
.9924
.9094

:%
.9024
.aml
.8606
.6402

:%

.7321

:%!%
.72W
.71C6
.W3s
.6776
.6616

.64W

%!
.mu
.5S71

:=
.64M
.6325
.6W9

.6W6

..4W7

.43W

.4736

:%
.M07

:%%
.4102

.4W3

.3m2

.2m9

.a729

.ml

.%

.34n

.2WI

.3309

.a-zn

.am

(m~h)

6620
602.0
662.0
6620
W20
0020

W
W20
6620

. —
O&cm 113.7
O&-Jl 116.0

lIa. 2
no. 5

!ll% 107.Q
87,Wo 1054
Wm 102.9
RJ~ 100.6

w. 10
09:m an.79

0. mllia
.W3172
.000M8
.oomo4
.020160
.Wm66
.W0162
.0XJ149
.032146
.m142 17-

3.672 a92.4
8.n6 3924
a,761 a924
a.807 302.4

;E W
3.!345 afm4
3.W3
4.041 j%;
4039

2.W2X1O-7 l& 80Xm+
2902 17.20

17.62
;E la 05
2302 13.4s
%3W 13.93

19.39
:E 19.36
2 W2 w. 34
2.93!2 a). 33

70,m
70,ml
71,000
n, tim

W%
72#wo
7%lWl

it E

17.w
17.57
17.16
16.75
16.36
:$J

16:27,
14.M
1451

.0m3’a

. 0om3a

. 03m32

.00012Q

.Wolm

.Wm23

.ml!m

.ml17

.003116

.OW112

:W2
.054%7
.06435
.0m7
.0m31

:W
.04a2a
.04no

4.138 a924
4.lw 392.4
4.23a 3024

3924
22 a9z 4
L3W a92.4
4.440
4.49$ %.2

am.4
;% 3924

2.962 2L 23
2 6+32 2L 86
2.362 22.33
2902
2.962 E:
2932 24.w
2W2 24.02
2 m2 23.21
2962
2.932 2. z

4.W3 8924
4.n9 802.4
4.n5 332.4
4833 W2.4
4.8S1 392.4
4.9W 3924
h 010 3W.4
6.070 g:
6.lal
5.192 W2:4

14.17
13.84
18.61
U. 19
1283
1268
12.23
lL W
lL 71
lL 43

.04699

%%’
.Inz90
-04130
.mom
. f!aw
.Owm
.02iw
.03710

W2. o
602.0
6620
60Z0
66Z0
Wzo
6620
6620
W20
6620

2.362 27.09
2 W2 27.74 ‘
2002 W.41
2s6.2 W 10
2962
2.032 ‘%%
2.9s2 31.23
2992 32.01
2E32 32.79
2W2 aa.68

m,cm
?Q,WI
81,003

2E
8Z600
W.wo
awl
wan)
%603

f%.01
66.C4
66.31
64.00
6272

k;
49.m
47.w?
46.70

2.962
2.962 W
2.662 31103
2.’932 FE:E 3a76
2.W2 39.w
2.!m2 40.06
Z962 41.03
2.902 42.04

11.16
10.0)
10.04
10.39
10.14
9.m
Q.670
‘a.442
9.219
0.001

.W121

.,WE33

. fc463

. man

.m2w

.w214

.c0133

.Mw4

.0wa2

.0m21

6.2M
6.a17 %:

3924
:E a924
h511 3924

392.4
;Z 392.4
6.na 892.4
6.731 W2.4
6.831 WZ4

8.789
K632
a_ai9
am
7.0ss
7.w
7.617
7.436
7.2?0
7.M9

.0w62

.02i86

. 02n9

.02855

:=
. cr2472
.02414
.m3Ea
.0!i3w

6.921 W24
6.992 WZ4

:!% %$
6.211 3924
6.2S3
6.361
6.437

~;

6.615 292.4
6.5% 39Z4

Z!m 43.67
An

:E 45.m
2902 .W3Z
2.962 46.05
2.Qo2 49.n
2962 m40
Z902 6L 62

6287
:E 54.1$

W.m
c$f&

m: 300
mm

W%
W.wo
94,W0
M,600

ah 97
36.12

%%
3270
aL 63
3L 17
20.43
29.72
!23.02

.02246

.02193

.02142

.0w91

.0w41

.m993

.01946

.Olwo

.01856

.Olm

&em
6.762 %i
&w4 332.4
6.916 WJ2.4
a W 392.4
7.083 302.4
7.108 3BZ4
7.2S4 392.4
7.341 $:
7.429

06zo
6620
66ZO”
6620
6620
W20
66Z0
06zo
6620
6620

z 962 E6.46
2962 5a79
2362 63.16
2.962 54.67
2.902 61.01
ZW2 62.w
2902 64.Ml
Z962 66.64
2.962 87.13
2.2+32 62.76

.017W

.o17n
;~1

.mm

.01670

.01W3

.01497

.01401

.o14n

.01294

2.962 io. 41
2.962 72.11
2652 n. 36
2.W2 ~h :
2W2 .

2.mz 79:34
2.032 m.%
2.902 E3.2?
ZQW 8h 24
2862 ai. WJ
z 302 S9.41

7.619 302.4
7.W9 3W4
7.703 362.4
7.702 392.4
7.5%6 392.4
7.%1 392.4
&on 3%?.4
3.174 3924
&n2 3924
3.an 3924
6.4i2 362.4


